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The pure annihilation type decays B^ — > tfij and B s — > p7 receive only color suppressed 
• penguin contributions with a very small branching ratio in the standard model. When we 

' include the previously neglected electromagnetic dipole operator, the branching ratios can be 
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enhanced one order magnitude larger than previous study using QCD factorization approach. 
That is BTZ(B° -> (fry) ~ 1 x lCT 11 and BK{B S -> pj) ~ (6 - 16) x lCT 10 . The new effect 
can also give a large contribution, of order 10~ 9 , to transverse polarization of B — > <fip and 
B — > ui(f) which is comparable to the longitudinal part. These effects can be detected in the 



LHCb experiment and the Super-B factories. 

Q\ . PACS numbers: 

O 

The charmless two-body B decays provide rigorous information on flavor changing phenomena 

o 

^. 

the standard model (SM) and to explore the existence of the possible new physics beyond standard 
model. On the other hand, the rare B decays also serve as a laboratory for hadronic dynamics. 



in the weak interactions of quarks, so it has attracted much attention to check the consistency of 



However, predictions for many interesting decays are always polluted by the hadronization, which 
have hindered us in extracting weak interaction information precisely from the available measure- 



ments. To handle the decay processes, many factorization approaches have been developed to 
separate nonperturbative dynamics from the perturbative part, such as naive factorization Q], 
generalized factorization P, Q], the QCD factorization (QCDF) Q], perturbative QCD approach 



(PQCD) |5( and the soft-collinear effective theory (SCET) 

Two vector decays of B meson shed light on the helicity structure of weak interactions through 

polarization studies. The naive counting rules [3] based on the factorization approaches predict 

that the longitudinal polarization dominates the decay ratios and the transverse polarizations are 

suppressed due to the helicity flips of the quark in the final state hadrons. But for penguin- 

rn 

dominated decays such as B — * (bK* and B — > pK* [8|], large transverse polarizations are observed. 
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FIG. 1: New contributions to B — > decays 



Beneke, Rohrer and Yang 9] discussed a novel electromagnetic penguin contribution to the trans- 
verse helicity amplitudes, which is shown in FigQ The neutral vector meson generated by the 
photon is mainly transversely polarized. Though suppressed by the fine structure constant a em , it 
is enhanced over the leading terms by me/A. So the transverse helicity amplitude of B — ► p°K* 
can be enhanced by this effect. The validity of this effect can be tested in the ratio of transverse 
polarization for B — ► p°K* over B — > p + K* in the near future. 

It may play an important role in the electroweak penguin dominated vector meson decays of B 
meson. In the standard model, it is suppressed to produce a (ft meson through strong interaction 
for three or more gluons are needed which are called hairpin diagrams flo| as shown in Fig. |2J So 
the electromagnetic dipole operator may become important in B —* (ft^ and B —* (ftp decays. We 
examine the new effect in these modes below. 

In the standard model, the effective weak Hamiltonian mediating flavor-changing neutral current 

transitions of the type b — > D(D = d, s) has the form 

„ 10 
^// = -/§ [ E W*£ + ^Of ) - V tb V t * D (CiOi + C 77 7l + C 8g 8a ) ] . (1) 

» p=u,c i=3 

For convenience, we specify the below operators in Ti. e ff- 

0\ = pp^Lba ■ D^^Lpp, O p 2 = pa^Lba ■ Dp-f^Lpp, 

O3 = D a ^Lb a • qp^Lqp, O4 = Dp^Lbg ■ ^ q a l^Lqp, 
q i 

O5 = Dgj^Lbg ■ Y qpjfMRpp, Oe = Dpl^Lbg ■ } y qg^Rgp, 
q <? 

7 = -Dg^Lbg ■ ^eqqg-fuRqp, 8 = -Dp^Lbg • e q q a -j^Rqp, 
q q 

O9 = -Dg^Lbg ■ y^egqp'yfj.Lqp, O w = -Dpj^Lbg • e q q a j^Lqp, 
q q 

°7 7 = -05o^i^(l + 7s)6, (2) 
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FIG. 2: Hairpin diagrams for B — ► <fip and B — > 0w processes, and similar for i? — > $7. 
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FIG. 3: The leading diagram from four-quark operators for B 



(jry and B s — > /ry. 



where a and /? are the SU(3) color indices and L and R are the left- and right-handed projections 
operator with L = (1 — 75), R = (1 + 75)- The sum over q runs over the quark fields that 
are active at the scale \i = 0(mb), i.e., q = u,d,s,c,b. The Wilson coefficients evaluated at 
H = rh b {m b ) = AAGeV from m t = \70GeV in NDR with A^ g = 225MeV (C 77 evaluated at 
H = 5.0 GeV from m t = 170 GeV with a ( s\M z ) = 0.118) are: 



Ci = -0.185, C 2 = 1.082, C 3 = 0.014, C 4 = -0.035, C 5 = 0.009 C 6 = -0.041, 

C 7 = -0.002/137, C 8 = 0.054/137, C 9 = -1.292/137, Ci = 0.263/137, C 7 ~ f = 0.300. (3) 



using perturbative QCD approach in [13J. There are four diagrams contributing to this decay mode 
from four-quark operators. The two diagrams with photon emitting from s and s cancel with each 
other. The diagram with photon emitting from the b quark is suppressed by l/m,b compared to the 
contribution with photon emitting from the light quark in B meson. The dominant contribution 



FIG. 4: The electromagnetic dipole operator (denoted by heavy dot) contribution to B Q — * (fry and B s 



The radiative decay B\ 
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from four-quark operators to B^ — ► ^7 is illustrated in Fig. |31 In naive factorization, this process 

are proportional to C3 + C4/3 + C5 + Cq/3 — 0.5(CV + Cg/3 + Cg + Cio/3). They have very 

tiny branching ratios due to the large cancelations between Wilson coefficients: C3 ~ — C4/3 and 

C5 ~ —Cq/3. This cancellation implies the fact that the dominant diagrams for these decays are 

the three-gluon hairpin diagrams. To be even worse, the QCD penguins cancel with the electroweak 

penguins: C 3 + C±/3 + C 5 + C 6 /3 = -0.002, -0.5(C 7 + C 8 /3 + C 9 + C w /3) = 0.004. It is dominated 

by the photon radiating from the light quark in B meson. Because the dj meson is transversely 

polarized, so the amplitude is suppressed by a power of Aqcd/^b further. Factorization properties 

of the radiative decays B — > V7 have been analyzed at the leading power in 1/rrib in Ref. ^| 

(see also using the soft-collinear effective theory. None of the leading power operators in 

SCET77 will contribute to B®, —* dry, we have to perform the subleading power analysis and this 

I — I 

also implies that this mode is suppressed. In |l2|, the branching ratios of naive factorization and 
QCD factorization which includes the non-factorizable contributions are: 

£ftOB°^7kF = 3.5xHT 13 , (4) 
BK(B° d dj^QCDF = 3.6 x 10- 12 . (5) 

The above results are too rare to be measured in the running B factories BaBar and Belle and 
may be a probe to detect the new physics. As an example, it can be treated as a probe of R-parity 
violating couplings (RPV). 



In the effective theory, when matching QCD to SCET/ at the 
dipole operators can be factorized into (we use the notation of 



eading power, the electromagnetic 
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tD \> a em t-i/ 



J u = x h - c AZ±r%. (6) 

Including QED in SCET, there is a collinear photon field with unsuppressed interactions with 
collinear quarks of the same direction. With the additional operator A overlaps with the trans- 
versely polarized vector meson, the J A and J D can be matched onto the same operator in SCET//: 

O = QsAtfAtfT'Hs. (7) 

At tree level, these operators correspond to the two diagrams in Fig@J Using the naive factorization 
approach the decay amplitude reads: 
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TABLE I: Branching ratios of — ► 07 (in units of 10 n ) and B s — ► pj (in units of 10 10 ) using different 



Ab 1 


0.4 


0.5 


0.6 


£?|] -> 07 (without 77 ) 


0.04 


0.06 


0.09 


-> 07 (with O77) 


0.86 


1.3 


1.9 




0.4 


0.5 


0.6 


S s — ► p7 (without C*7 7 ) 


0.45 


0.69 


1.0 


£? s — > p7(with C>7 7 ) 


5.9 


9.2 


13 



where e 7 ,p 7 and e^,p0 are the momentum and polarization for the photon and meson. Qd = 
Q s = —1/3,N C = 3. A^ 1 is the first inverse moment of the B meson's wave function and defined as 

-1 



a; 



n x 



0) 



where x is the momentum fraction carried by the light quark in the B meson. The neutral vector 
meson is generated by the intermediate photon, so we can view the two diagrams in Fig. 0] as 
Bd,s —* 77 HI at first. The second diagram can be related to the first one by the crossing 
symmetry, so it gives the same contribution as the first one. 



There are many candidates for B meson distribution amplitudes 



but here only A^ 1 is 



involved and we use three values for this parameter: A^ 1 = 0.4, 0.5, 0.6. We adopt other parameters 
the same as 3> > then numerical results for the branching ratios of these two modes are given 
in Table CI For B s — > fry, there is also a contribution from the tree operators 0\ and Oi- But 
this contribution is suppressed by the CKM matrix elements and roughly is of order 10 -12 , so 
we neglect it in the Table. We find that the branching ratios are enhanced sizably by the new 
contribution relative to the result from QCD factorization approach. Although it is hardly to be 

07 would 

not be the evidence of the activity of new physics. As for B s — > pj, BIZ ~ (6 — 16) x 10~ 10 which 
might be detected at the LHCb experiment. 

For B — > p4> and B — > u)(f), they are very similar to the above radiative decays. These processes 
can also only be produced via the so-called hair-pin diagrams as in Fig. |2] 10] which are highly 
suppressed and the branching ratios in generalized factorization P] are: 



measured at BaBar and Belle, we state that the contribution of order 10 11 for B® 



BTZ{B^ 



P 



BK(B° -> p o 0) 
BK(B° -» u<f>) 



0.04 x 10" 
0.02 x 10" 
0.02 x 10" 



(10) 
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In this calculations, the electromagnetic dipole operator O-?^ is also neglected. This operator 
contributes only to the transversely polarized amplitude. The contribution can be factorized into 

□ 



A(B -+ VM) = im V2 m B 2T^(0)f V2 a V2 x ( - ^W^^, (11) 

J7T / ra V 2 



where V% is a neutral vector meson produced by the photon. ay 2 is a constant which depends on 
the quark-flavor composition of V%: = —1/2, a p = 3/(2\/2). The factor \[2 arises from the 
normalization of the p° meson. T-^ 1 (0) is the QCD tensor form factor of B — ► V%, /y 2 and my 2 is 
the decay constant and mass of V^. The amplitude takes the given value only when both V\ and 
V2 have negative helicity, but is zero otherwise. 

The four-quark operators in Fig^b) from the effective Hamiltonian could give corrections to 
the above expression and they have been computed in next-to-leading order in the context of 
factorization of exclusive radiative B decays [la. Iig|. After incorporating this contribution, the 
Wilson coefficient CV 7 is replaced by C' 7 [la]. The tensor form factor T 1 1/l (0) is a nonperturbative 
parameter. In PQCD approach, it can be factorized into the convolution of the wave function and 
the hard part. We take the results from the PQCD calculations [^J: 



rf^(o) = 0.41, rf^(o) = o.38. (12) 

Using the above inputs and = O.254GeV,m = 1.02GeV,m B = 5.28GeV, \V td \ = 0.008, \V tb \ = 
1.0, we get 

BK(B+ -> P + 4>) = 3-0±g;|(1.6) x KT 9 , 
BK(B° -► P °</>) = lA -oi(Q-77) x HT 9 , 

BK(B° -» u<f>) = l-2±g;|(0.66) x 10~ 9 . (13) 

Results in the parentheses are performed by using the leading order Wilson coefficient for C 77 , 
while the others are evaluated by using \C' 7 \ 2 = O.IGS^q'qJ^ [l8|]. From the results, we can see that 
the new contribution is comparable to the original one which may imply that the large transverse 
polarization in this mode. Compared with the experimental result by BaBar collaboration j^ : 

BK(B° -» <j)u) = 0.1 ± 0.5 ± 0.1(< 1.2) x 10~ 6 , (14) 

we can see that these modes can hardly be measured in the running B factories. If we replace B 
by B s (Vtd Vts) and assume SU(3) symmetry to give an estimate, the corresponding processes 
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B s — > (/ip and S s — > 0w can be enhanced to 10 which may be measured at the future LHCb 
experiment. 

In summary, we have studied the enhancement of B® — ► ^7 and B s — > due to the electro- 
magnetic dipole operators. This effect could produce sizable contributions to — ► ^7 to make 
a branching ratio of about 1.0 x 10~ n , which is larger than the previous study using QCD fac- 
torization approach. Although it is hardly to be measured at BaBar and Belle, we conclude that 
the contribution of order 10 -11 would not be the evidence of the activity of new physics. As for 
B s — > p7, the branching ratio is (6 — 16) x 10~ 10 . For B — > p<f> and B — » uxp, the new effect also 
give a large contribution, of order of 10 -9 , to the transverse helicity amplitude which is comparable 
to the longitudinal amplitude. So after incorporating this effect, the polarization can be changed 
sizably from the naive power counting for B — > VV . These effects may be detected in the future 
LHCb experiment. 
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